ABSTRACT.--Payne and Risley's (1976) comparison of 33 osteological characters of herons was the first cladistic estimate of heron phylogeny. Among their findings were two major clades: (1) Boat-billed Heron (Cochlearius cochlearius), night-herons, and bitterns; and (2) tiger-herons and day-herons. In contrast, more recent DNA-DNA hybridization comparisons, cladistic analyses of vocalizations, and mtDNA sequence data portray a more asymmetric phylogeny, with day-herons and night-herons forming a clade with bitterns as their sister group, and tiger-herons and the Boat-billed Heron branching basally. To explore the source of the disagreement between these phylogenetic estimates, we reanalyzed the osteological data using modern cladistic methods and compared the results with the DNA-DNA hybridization tree using taxonomic congruence analysis. Character-by-character comparisons between trees and among lineages within trees suggest that similar cranial morphology in the relatively unrelated tiger-herons and day-herons has resulted in the misleading attraction of these two lineages in osteological estimates of phylogeny. Apparent convergence in bill morphology and modifications of orbital structures for nocturnal feeding in night-herons and Boat-billed herons have led to further disagreement between data sets. In part, problems in the osteological data stem from the relatively small character matrix of Payne and Risley (1976), but ultimately they may derive from using highly adaptive characters to reconstruct phylogeny. In this case, the cranial characters are functionally correlated as part of the piscivorous heron Bauplan. As such, they relate to the forces responsible for speciation and divergence in the early history of the group but may not be useful for phylogenetic inference. The discovery of bias in cranial characters underscores the value of taxonomic congruence analysis and the need to explore cases of phylogenetic incongruence. Received 19 June 1996, accepted 24 June 1997.
. Because only 33 skeletal characters were used to compare 49 heron species, we faced two problems in our reanalysis. First, the large number of species precluded use of exhaustive and branch-and-bound search algorithms, which yield the most-parsimonious tree, and instead required the use of a heuristic-search algorithm. Heuristic-search algorithms do not necessarily find the most-parsimonious tree but, in some cases, may converge on a local parsimony minimum rather than the global minimum. Second, the probability of discovering a single most-parsimonious tree is small with less than two or three characters per taxon. Accordingly, we employed a meticulous search strategy to circumvent the problems of too many taxa and too few characters. We used the tree bisection-reconnection branch-swapping procedure to increase the probability that the heuristic search would find the most-parsimonious tree, and repeated the search 100 times. We initiated each search with a random addition sequence to ensure unbiased sampling of tree space. One hundred trees were saved at each step, potentially yielding a maximum of 10,000 trees per analysis.
Tracing character evolution and testing congruence.-We optimized Payne and Risley's (1976) skeletal characters onto the DNA-DNA hybridization phylogeny (Fig. 1A ) and the skeletal tree using PAUP to study skeletal character patterns. We used both ac- The testing process was as follows. We scored the difference in number of steps for each variable character between the morphological and molecular trees, identifying parallel and reverse step events in each instance. We then compared the distribution of scores for each variable character with the binomial distribution to test hypotheses of overall tree similarity. Like other statistical tests, winning-sites tests rely upon the assumption that each character is independent. To the extent that one or more skeletal characters are not independent, the effective number of degrees of freedom may be overestimated. We investigated different tree topologies and calculated step differences for alternative constructions of contentious nodes.
Next, we used a priori criteria to group skeletal characters. Payne and Risley (1976) included 33 skeletal characters in their analyses (one of the bill, three palatal, two orbital, three lacrimal, three ectethmoidal, one of the foramen magnum, three vertebral, three sternal, one coracoidal, two furcular, four humeral, five synsacral, and two tarsometatarsal). We applied winning-sites tests to each of these groups to determine whether parallelisms, reversals, and consistency indices differed between molecular and morphological estimates of phylogeny. Character groups that did not differ significantly between trees (P < 0.05) were pooled with the nearest anatomical group(s). Groups that differed significantly were retained. Using this procedure: (1) pelvic, vertebral, and pectoral characters were combined to form a single group consisting of all postcranial characters; and (2) bill, palatal, orbital, lacrimal, ectethmoid, and foramen magnum characters were combined to form a group consisting of all cranial characters.
Following these results, we tested whether cranial and postcranial frequencies of character evolution differed among heron lineages using the DNA-DNA hybridization tree (Fig. 1A) . Sheldon (1987b) discovered differences in rates of single-copy DNA evolution among the three main heron clades; bittern DNA evolved -25% faster than day-heron and night-heron DNA, which in turn evolved -19% faster than Rufescent Tiger-Heron (Tigrisoma lineatum) and Boatbilled Heron DNA. We calculated the number of parallel and reverse state-change events for each character in the DNA tree in each of these heron lineages (Appendix 3). State-change polarity was determined by the character state at the outgroup node. Next, we used a contingency analysis (PROC FREQ SAS 1990) to test the null hypothesis that frequencies of cranial and postcranial parallel and reverse events do not differ among bitterns, day-herons and night-herons and between tiger-herons and the Boat-billed Heron. (Fig. 1A) and the skeletal trees (Fig. 3) Figures  I and 3 (Figs. 4 and 5) . DNA-DNA hybridization estimates used the Glossy Ibis (Plegadisfalcinellus) as the outgroup. To control for the effects of different outgroups, we attached our non-heron ciconiiform outgroup tree to the ingroup of the DNA-DNA hybridization tree using MacClade (Fig. 5) . When the morphological characters were optimized over the DNA-DNA hybridization tree (Fig. 5) , 26 more steps were required than when the same characters were optimized over the skeletal tree (Fig. 4) . If the DNA tree is correct, the skeletal characters possess substantial homoplasy; parallel and reverse events occur more frequently in the DNA-DNA hybridization tree than in the skeletal tree. Repositioning the tiger-herons plus Boat- 
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test revealed that the total number of homoplastic steps (i.e. parallelisms and reversals) is greater for the DNA-DNA hybridization topology than for the skeletal tree (n = 18, P < 0.031). Separate winning-sites tests for parallelisms and reversals revealed that the total number of parallel events is greater for the DNA-DNA hybridization tree than for the skeletal tree (n = 17, P < 0.013), but the number of reversal events does not differ significantly between trees (n = 20, P < 1.000). If the DNA-DNA hybridization tree is correct, then the majority of skeletal-character homoplasy is accounted for by the unusually high rates of parallel evolution.
Homoplastic skeletal-character evolution is not randomly distributed among all of the skeletal characters. Our analyses of cranial and postcranial characters indicate that the total number of parallel and reverse events is greater in the DNA-DNA hybridization tree for cranial characters (n = 10, P < 0.022) but not for postcranial characters (n = 8, P < 0.73). Parallel events are significantly greater in the DNA-DNA hybridization tree for cranial characters (n = 11, P < 0.012), but not for postcranial characters (n = 6, P < 0.69). Reverse state-change events do not differ significantly between trees, but the trend in probability values also suggests that the frequency of reversals is greater for cranial characters (n = 10, P < 0.36) than for postcranial characters (n = 10, P < 0.62).
Frequency of homoplastic evolution.--Given that cranial character evolution is more homoplastic than postcranial character evolution in the DNA-DNA hybridization tree, we tested whether frequencies of parallelisms and reversals differed among the three heron lineages: (1) tiger-herons and the Boat-billed Heron, (2) bitterns, and (3) day-herons and night-herons. A contingency analysis of the total number of non-unique state changes revealed that cranial Table 2 ). The evolution of bittern postcranial parallelisms and reversals has been -64% less frequent than in day-herons and night-herons and approximately equal to that in tiger-herons and the Boat- In the case of herons, a simpler explanation for cranial character evolution is that tiger-herons and day-herons share ancestral morphological features rather than convergent ones. This interpretation is intuitively appealing because it provides a hypothesis for the adaptive specialization and radiation of heron lineages into new feeding zones in the early history of the group. Assuming a primitive heron Bauplan similar to day-herons, tiger-herons, and bitterns, it is the night-herons and Boat-billed Heron that have diverged most dramatically in cranial morphology as they adapted to night feeding. Such an explanation, although not adhering strictly to parsimony, is consistent with the logic of Hennig's (1966) auxiliary principle, which holds that convergence should not be assumed in the absence of contrary evidence (Wiley 1981). Thus, cranial characters presented a problem at the outset of our analysis, but upon closer inspection, they actually helped us to formulate a more reasonable explanation of heron evolution.
Molecular and morphological rates of evolution.-The relationship between molecular and morphological rates of evolution has been dis- 
